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Evidence for enhanced microbial degradation of xenobiotic chemicals in the rhizosphere, a zone of increased
microbial activity at the root-soil interface, continues to accrue, suggesting that vegetation may play an
important role in facilitating bioremediation of contaminated surface soils. For sites tainted with pesticide
wastes, such as at agrochemical dealerships, establishing vegetation may be problematic because of the
presence of herbicide mixtures at concentrations severalfold above field application rates. Nonetheless,
herbicide-tolerant plants exist that can survive in these environments, and they are ideal candidates for testing
the influence of rhizosphere microbial communities on the degradation of pesticide wastes. Experiments in
this laboratory have tested whether a commodity plant such as soybean could survive in soil from a pesticide-
contaminated site containing a mixture of three predominant herbicides, atrazine, metolachlor, and trifluralin,
and if its presence could enhance biodegradation. Although soybean survival in this soil was high, its presence
did not enhance the degradation of the chemicals. Tests with nonvegetated soils and rhizosphere soils from
Kochia sp., a herbicide-tolerant plant, showed enhanced degradation of these chemicals in rhizosphere soil.
Also, Kochia sp. seedlings have emerged from rhizosphere soils spiked with additional concentrations of the
three test chemicals, indicating the ability of these plants to survive in soils containing high concentrations of
herbicide mixtures.
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Chapter 16 
Biological Degradation of Pesticide Wastes 
in the Root Zone of Soils Collected 
at an Agrochemical Dealership 
Todd A. Anderson, Ellen L. Kruger, and Joel R. Coats 
Pesticide Toxicology Laboratory, Department of Entomology, 
Iowa State University, Ames, IA 50011-3140 
Evidence for enhanced microbial degradation of xenobiotic chemicals 
in the rhizosphere, a zone of increased microbial activity at the root-soil 
interface, continues to accrue, suggesting that vegetation may play an 
important role in facilitating bioremediation of contaminated surface 
soils. For sites tainted with pesticide wastes, such as at agrochemical 
dealerships, establishing vegetation may be problematic because of the 
presence of herbicide mixtures at concentrations severalfold above field 
application rates. Nonetheless, herbicide-tolerant plants exist that can 
survive in these environments, and they are ideal candidates for testing 
the influence of rhizosphere microbial communities on the degradation 
of pesticide wastes. Experiments in this laboratory have tested whether 
a commodity plant such as soybean could survive in soil from a 
pesticide-contaminated site containing a mixture of three predominant 
herbicides, atrazine, metolachlor, and trifluralin, and if its presence 
could enhance biodegradation. Although soybean survival in this soil 
was high, its presence did not enhance the degradation of the 
chemicals. Tests with nonvegetated soils and rhizosphere soils from 
Kochia sp., a herbicide-tolerant plant, showed enhanced degradation of 
these chemicals in rhizosphere soil. Also, Kochia sp. seedlings have 
emerged from rhizosphere soils spiked with additional concentrations 
of the three test chemicals, indicating the ability of these plants to 
survive in soils containing high concentrations of herbicide mixtures. 
The plant rhizosphere (Figure 1) sustains microbial populations an order of magnitude 
or more above populations in unvegetated soil by secreting mucilaginous substances 
collectively known as root exudate (7). In addition, the rhizosphere fosters 
interactions among populations of microorganisms at the molecular, physiological, and 
ecological levels. These observations suggest that the dense, diverse, and synergistic 
microbial community in the rhizosphere may contribute to greater rates of metabolism 
of xenobiotic compounds compared with microbial metabolism in unvegetated soils. 
Seminal work on the fate of pesticides in the rhizosphere by Hsu and Bartha (2), 
Reddy and Sethunathan (3), Sandmann and Loos (4), and Lappin and coworkers (5) 
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Figure 1. The rhizosphere, or root-soil interface, of a grass 
illustrating the gross morphology of a fibrous root system. 
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provided precedent for enhanced microbial degradation in the root zone and 
subsequently was further supported in similar studies with industrial chemicals by 
Rasolomanana and Balandreau ((5), Aprill and Sims (7), Walton and Anderson (8), 
and Knaebel and Vestal (9). The previous research on enhanced microbial degradation 
of organic compounds in the rhizosphere has been recently reviewed (70,11,12). In 
this paper, we review the literature germane to selecting appropriate plant species for 
enhancing microbial degradation at sites contaminated with pesticide wastes. In 
addition, our present research on microbial degradation of pesticides in rhizosphere 
and nonvegetated soils from a herbicide-contaminated site in Iowa is described. 
Microorganism-Plant-Chemical Interactions in Soil 
Critical to the concept of using vegetation to enhance microbial degradation is the 
ability of plants to survive in the contaminated environment For sites tainted with 
industrial chemicals such as chlorinated solvents or petroleum hydrocarbons, the toxic 
effect of the chemical on the plant usually does not prohibit establishment. However, 
in pesticide-contaminated sites, in which mixtures of herbicides can be present at 
concentrations severalfold above field application rates, establishing vegetation may be 
more problematic. Not only are there high concentrations of chemical mixtures, but 
also the chemicals present are designed to inhibit the growth of vegetation. 
Nonetheless, herbicide-tolerant plants that can survive in these soils exist Regardless 
of the type of chemical contamination, plants present at these contaminated sites are 
ideal candidates for testing the influence of the rhizosphere on microbial degradation of 
hazardous organic compounds. Clearly, plants that can survive in these environments 
have been selected and have special mechanisms for dealing with the potentially 
detrimental effects of the chemicals. 
The interaction between plants and microbial communities in the rhizosphere is 
a complex association that has evolved to the mutual benefit of both groups. In 
addition to the established relationships between plants and soil microorganisms 
regarding crop productivity, other relationships undoubtedly exist, such as the 
potential role of the rhizosphere microbial community in protecting the plant from 
chemical injury (Walton et al., this volume). Previous research has shown that plants 
increase root exudation in the presence of xenobiotic chemicals (13,14). In 
hydroponic cultures of com, the presence of simazine (2-cMoro-4,6-fcw-ethylamino-s-
triazine), a preemergence herbicide used for controlling weeds in corn, caused a 
twofold increase in exudation of organic acids (15). In addition, simazine increased 
the length and weight of roots, but only if microorganisms also were present in the 
medium. It is not clear whether the increase in exudation is an evolved response by 
the plant to attract and nourish more microorganisms (and possibly accelerate 
degradation) or simply a physiological effect of the chemical on the plant. The 
tolerance of com to the herbicidal effects of simazine may be predominantly the result 
of rapid metabolism of the compound by the plant. Most herbicides used to control 
weeds are readily metabolized by nontarget plants. Nonetheless, rhizosphere 
microbial communities may also play a role in protecting the plant from chemical 
injury. This idea is further supported by the works of Herring and Bering (16) and 
Krueger et al. (17). Herring and Berring (16) found that the toxic effect of phthalate 
esters on spinach and pea seedlings could be abated or reversed by the presence of 
microorganisms in the soil. In a similar study, Krueger and coworkers (17) showed 
that three strains of microorganisms capable of degrading dicamba (3,6-dichloro-2-
methoxybenzoic acid) could be used to reduce the herbicidal activity of dicamba in the 
rhizosphere of peas at 8-fold above the normal field application rate. This rapid 
removal of dicamba was such that this susceptible plant could then grow in the treated 
soil. 
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The ability of the plants to select for different microbial communities in both 
composition and size is intriguing from the standpoint of exploring whether this 
selection translates into differences in the rates of microbial degradation of organic 
compounds in the rhizosphere. The literature suggests that this is the case for both 
industrial and agrochemicals; however, the raison d'itre for these selections seems to 
differ. For sites contaminated with herbicides, plants that can enhance the size or 
stature of the degradative microbial community in the root zone seem less sensitive to 
the chemical. Indeed, the degradation of certain herbicides is enhanced in the 
rhizosphere of plants that are relatively insensitive to the herbicidal effects of the 
chemical (Table 1). For example, Sandmann and Loos (4) observed an increase in the 
numbers of 2,4-D-degrading microorganisms in sugarcane rhizosphere compared with 
African clover. The authors suggested that the increase in degraders was a possible 
mechanism by which sugarcane is protected from the toxic effects of 2,4-D and that 
phenolic analogs in the exudate selected for the microbial community responsible for 
degrading 2,4-D. The interaction of leguminous plants with nitrogen-fixing bacteria 
results in increased microbial biomass, plant growth, and root exudation, perhaps 
because of the increased availability of soil nitrogen in the presence of nitrogen-fixing 
bacteria. This, in turn, may lead to enhanced microbial degradation of herbicides in 
the rhizosphere by these bacteria (18). With insecticides, toxicity of the chemical to 
the plant usually is not an issue. Thus, the degradation of insecticides such as 
diazinon and parathion, which are cometabolized, is accelerated in the rhizosphere, 
probably because of the large microbial community present and its enhanced 
cometabolic activity rather than because of the composition of that community (2). 
Plants may play a completely different role in sites contaminated with industrial 
chemicals. For example, legumes provide an important source of nitrogen for 
microbial degradation in petroleum-contaminated sites (79). In addition, the plant may 
select for a certain type of microbial community capable of degrading the 
contaminant(s), but selection is not as critical for plant survival as is the case with 
herbicide-contaminated sites. Anderson and Walton (20) observed differences in 
microbial degradation of trichloroethylene (TCE) in the rhizospheres of five plant 
species. In whole-plant studies, the mineralization of 1 4C-TCE was enhanced in three 
of the species tested (Pinus taeda, Lespedeza cuneata, and Glycine max) although only 
two (P. taeda and L. cuneata) were indigenous to the contaminated site. Degradation 
rates for TCE in the rhizospheres of Solidago sp. and Paspalwn notation, both present 
at the site, were not significantly different from TCE-degradation rates in nonvegetated 
soil from the site. In addition, toxicity studies with TCE were conducted on soybean 
as well as rhizosphere soil samples from each of the plants. Extremely high TCE 
concentrations (400 pg/g) were needed to significantly reduce soybean net 
photosynthesis, whereas plant biomass production was unaffected in soil containing 
TCE as high as 1600 pg/g (ppm) (27). In most instances, microbial respiration in soil 
samples from the rhizosphere was unaffected by TCE concentrations as high as 500 
Current Research 
Background. Since the early 1950s, production and use of pesticides in agriculture 
has dramatically increased. Coupled with the increase in pesticide usage has been the 
rapid growth of retail agrochemical dealerships. Unfortunately, many of these 
dealerships have, through normal operating procedures, contaminated the soil and 
water at these sites. It is estimated that most dealerships throughout die Midwest have 
some type of problem from chemical contamination, creating one of the most ominous 
issues facing the agrochemical industry (22,23,24). 
The expense of most of the current technologies for cleanup of contaminated 
soil and water preclude their use at agrochemical dealership sites. In addition, dealers 
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face difficulties in acquiring insurance coverage for cleanup of major spills, especially 
when some contamination already exists from minor accidental spills that have 
occurred over a prolonged period. Although stopping or minimizing additional 
pollution input has decreased pesticide detections in soil and groundwater at these 
sites, in most cases additional remediation is warranted (23). Currently, there is a 
need to provide dealerships with viable technologies for remediating soils and 
groundwater. 
Site Description. We are working with an agrochemical dealership in Iowa 
plagued by herbicide contamination in the groundwater since the mid-1980s. 
Although three of the city's six drinking water wells lie within the boundaries of the 
site, the State of Iowa determined that minimal imminent human health hazards exist 
through drinking water contamination. A variety of herbicides such as atrazine, 
metolachlor, alachlor, and trifluralin have been detected in both surface soil and 
groundwater below the site. 
JTC / C H 2 ° C H 3 N ^ N 
\ / v R JL I C H 3 
X = < NIcH.C. _ _ ! A A H _ I 
N C H 2 C H 3 C j H s — N N C H 
Alachlor Atrazine 
, C H 3 ? H a 
3 
I 
if ^ -CH-CH2OCH3 
Ml 
C C H 2 C I 
^ C H 2 C H 3 
Metolachlor Trifluralin 
In most cases, the contaminants are confined primarily to the upper 40 cm of soil. The 
pesticide wastes, however, are not homogeneously distributed within the site; some 
specific areas contain concentrations severalfold above field application rates while 
other areas contain concentrations less than field application rates. Physicochemical 
properties of a composite soil sample from the site are reported in Table 2. 
Although chemical concentrations in certain samples from the site were several 
times field application rates as revealed by residue analyses, there was abundant plant 
growth. An initial vegetation survey of the site revealed several herbicide-tolerant 
plant biotypes including Kochia sp., knotweed (Polygonum sp.), and crabgrass 
(Digitaria sp.). That soil contaminants have been present at least 10 years provides for 
probable selection of microorganisms and vegetation able to survive die toxic effects of 
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the numerous agrochemicals. The presence of these plants is consistent with previous 
observations in the literature of their tolerance of certain herbicide classes, as well as 
with the types of chemicals present in the soil. 
Degradation and Toxicity Studies. Experiments in the greenhouse have focused 
on testing whether a commodity plant such as soybean could survive in this soil and if 
its presence could enhance biodegradation of the three predominant chemicals-
atrazine, metolachlor, and trifluralin. Although soybean survival in these soils was 
high, its presence did not seem to enhance the degradation of the chemicals. Because 
soybean is particularly sensitive to damage from these chemicals, the results are in 
keeping with our hypothesis that the degradation of herbicides may be enhanced only 
in the rhizosphere of tolerant plants. The time that these chemicals have been present 
in the soil has undoubtedly affected their bioavailability (and, thus, toxicity) to 
soybean. This is further illustrated by the fact that the addition of similar 
concentrations of chemicals to uncontaminated soil prohibited the growth of soybean 
seedlings. 
Preliminary tests in the growth chamber with nonvegetated soils and 
rhizosphere soils collected from the root zone of Kochia sp. indicated enhanced 
degradation of the three test chemicals in the rhizosphere soil. In a second set of 
experiments, soils from the site were spiked with additional concentrations of the test 
chemicals. Although chemical concentrations in all soils were near or exceeding field 
application rates, these soils were spiked with additional amounts of the three 
chemicals so as to increase the concentrations to levels typical of point-source spills. 
Enhanced degradation in the Kochia sp. rhizosphere soil was observed in these tests 
(31%, 57%, 51% vs. 52%, 76%, 72% remaining for trifluralin, atrazine, and 
metolachlor after 14 days in rhizosphere and nonvegetated soil, respectively). Values 
are reported as a percentage of sterile control (autoclaved) soil. This represents a 
significant (p < 0.10) decrease in persistence of the herbicide mixture in the 
rhizosphere soil compared with the nonvegetated soil. Because plants were absent in 
these tests, root uptake of the herbicides was eliminated and therefore did not obscure 
the degradation data. However, the absence of a living plant in the rhizosphere soil 
during the degradation experiments may have reduced the impact of the rhizosphere 
microorganisms by changing the composition of the microbial community. 
Nonetheless, degradation of the parent compounds was significantly accelerated in the 
rhizosphere soil. In addition, Kochia sp. seedlings have emerged from the 
rhizosphere soils spiked with additional concentrations of the three test chemicals, 
indicating the ability of these plants to survive in soils containing elevated 
concentrations of herbicide mixtures (> 10 ppm). 
Microbial Counts and Respiration. Estimates of microbial numbers (colony-
forming units per gram of soil) in Kochia sp. rhizosphere soil and nonvegetated soil 
were made by the spread plate technique on trypticase soy agar. The rhizosphere soil 
had an order of magnitude higher numbers (4.2 x 105) as compared with the 
nonvegetated soil (3.5 x 104). In addition to the initial plate counts, determinations of 
colony-forming units were also conducted on pesticide-treated soils over the course of 
the degradation experiments. Microbial numbers increased in both soils after herbicide 
treatment. After 14 days, microbial numbers were 1.3 x 108 and 1.8 x 106 in 
rhizosphere and nonvegetated soil, respectively. 
Microbial respiration, measured as carbon dioxide efflux from soils, in 
rhizosphere and nonvegetated soils corroborated the plate count data. Initial 
respiration rates in untreated Kochia rhizosphere soil were 1.6 to 2.4 times greater than 
respiration rates in nonvegetated soils, indicating more microbial biomass in the 
rhizosphere soil. However, differences in respiration rates between rhizosphere and 
edaphosphere soils decreased as the experiment progressed, suggesting that a living 
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plant in the rhizosphere soil was necessary to maintain the elevated biomass. 
Respiration rates in both rhizosphere and edaphosphere soils treated with 10 ppm of 
the herbicide mixture were greater than respiration rates in control (untreated) soils 
suggesting that the herbicide mixture was not toxic to the microorganisms in the 
contamined site soil. 
Conclusions 
Microorganisms play a vital role in maintaining the environment in its current state 
through their metabolic activities. The highly versatile metabolic capabilities of fungi 
and bacteria can be used to reclaim polluted ecosystems and to minimize the potential 
adverse effects of hazardous chemicals released to the environment provided that a 
sufficient consortium of microorganisms capable of degrading the contaminant(s) are 
present and that environmental conditions conducive to degradation are maintained. 
Occasionally, environmental conditions onsite may significantly hinder microbial 
degradation of toxicants. In such instances, microbial degradation may be enhanced 
by altering conditions through nutrient additions, irrigation, tillage, or other 
interventions. The addition of external carbon sources may be especially important 
when the contaminant is degraded cometabolically. 
The information presented herein illustrates the role that rhizosphere microbial 
communities could play in maintaining and/or remediating soil systems through 
metabolism of hazardous organic compounds in the root zone. The rhizosphere 
contains a diverse microbial community capable of vast metabolic activities. A better 
understanding of the complex relationship between plants, microorganisms, and 
chemicals in die root zone could be aided by characterizing the microbial communities 
associated with different plant species under contaminated and uncontaminated 
conditions, determining the role of exudates in selection of those communities, and 
investigating the role of mycorrhizae in biological degradation in the root zone. 
The purpose of these experiments was not to obtain information for 
remediating the specific site described, but, rather, to attempt to understand why plants 
at these sites, in relation to the type of chemical contamination, enhance microbial 
degradation in the root zone. Ultimately, such information will help provide 
management strategies that may facilitate the biological remediation of these 
contaminated sites. 
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